ABSTRACT
INTRODUCTION
The occupation-related nature of Hepatitis B viral infection in medical personnel has been well documented in many studies. [1] [2] [3] [4] [5] Getting infected from a patient had been common before the introduction of specifi c immunoprophylaxis. A study in the USA among medical staff in the prevaccinal period, conducted by the Center for Disease Control and Prevention (CDC, Atlanta), reported nearly 12000 cases per year of hospital acquired infection with hepatitis B virus (HBV) resulting from exposure to infectious blood at work. 6 The only reliable way of preventing this type of infection and its related complications such as liver cirrhosis and hepatocellular carcinoma is immunization with hepatitis B vaccine.
CDC does not recommend routine screening of HbsAg before immunization, as well as routine study of the postvaccinal response (anti-HBs antibodies). 7 In cases of vaccination after the age of 50, in presence of obesity, immune defi ciency and high risk of contact with blood and/or other body fl uids, follow-up of the primary seroconversion after vaccination is advisable. 3, [7] [8] [9] 
AIM
The aim of the study was to follow-up the primary immune response after immunization with recombinant hepatitis B vaccine and its duration in adult immunocompetent subjects (medical personnel), so that recommendations for improving prevention can be made.
MATERIALS AND METHODS
The study included 165 health-care workers at St. George University Hospital, Plovdiv between 2009 and 2010 with no medical history of hepatitis infection. These subjects were divided into two groups: in group 1 (N 1 = 70) we followed up the primary immune response (1-3 months) after immunization with Hepavax Genе, Berna Biotech Italia S.r.I , Italy, 20μg HbsAg /1 ml, i.m. applied in m. deltoideus, complying with a scheme of 3 doses (0-1 month-6 month); Group 2 (N 2 = 95) consisted of individuals with documented immunization with recombinant hepatitis B vaccine in 1998/1999 (n = 81) and in 1994/1995 (n = 14).
Written informed consent was obtained from all participants. The study did not include subjects that had received additional doses of the vaccine. The attached questionnaire included information about demographic characteristics such as age, sex, job position and employer information, immunization scheme, history of chronic diseases, immune system impairments, smoking, and body mass; and the resultant parameters -hepatitis infection in the past, concentration of anti-HBs antibodies.
Tests based on ELISA -Antisurase B-96 (TMB) General Biological Corporation, Taiwan and Monolisa Anti-HBs Plus, France, were used. The quantity of anti-HBs IgG was determined in mIU/ml at these intervals: 10-50 mIU/ml, 50-100 mIU/ml and > 100 mIU/ml. Determination of anti-HBs was performed in the National Reference Laboratory of Viral Hepatitis at the National Center for Infectious and Parasitic Diseases (NCIPD) -Sofi a. According to the standard response criteria, we have a positive immune response after immunization with recombinant hepatitis B vaccine if anti-HBs ≥ 10 mIU/ ml. Individuals with < 10 mIU/ml were defi ned as non-responders, those with values of 10-50 mIU/ ml were classifi ed as "weak responders", and those with values of 50-100 mIU/ml and > 100 mIU/ ml as presenting with "strong" and "very strong" immune response, respectively. 
RESULTS

PRIMARY IMMUNE RESPONSE
The mean age of the study population was 40.3 ± 2.6 years. The graphical view of age distribution is presented in Fig. 1 . The relative percentages of the women is 81.4% with male to female ratio of 1:4.4.
The relative percentage of medical workers that produced protective anti-HBs antibodies was high (92.8% with Sp = 3%). The relative percentage of non-responders and individuals with "weak" and "strong" immune response was almost identical (Fig. 2) .
Eighty percent of the investigated persons had "very strong" vaccinal response (anti-HBs > 100 mIU/ml), which is typical for clinically healthy individuals, in contrast to the postvaccinal response in hemodialysis patients in whom antibody production in this range was observed in only 48.9% of the patients. 10 N. Gacheva et al., studying the primary postvaccinal response in medical personnel, found similar results -seroconversion (presence of anti-NBs antibodies) was found in 95.5% of the immunized subjects, the anti-HBs concentration being greater than 100 mIU/ml in 86.4%. 11 As seen from the age-distribution of postvaccinal antibody quantity (Fig. 3 ), all immunized subject in the 20-29-year-olds reacted by producing protective titer of anti-HBs > 10 mIU/ml, while in the group age ≥ 50 years the relative percentage of non-responders was as much as 12.5%.
Three of the non-responders received another (fourth) booster dose of the vaccine. Of these 1 subject responded with concentration of anti-HBs > 100 mIU/ml which in creased the relative percentage of protected people to 94.3%. According to the established rules, individuals who had not reached protective concentration of anti-HBs after the fourth application, accomplished the second immunization series with two more doses or cumulatively (3+3), with follow-up of the serum antibodies 1-2 months after the last application. 1, 9 There has been no clear explanation yet in literature why some individuals need more applications to reach optimal immune response, assuming that non-responders from the fi rst vaccinal series would respond in 30-50% with protective titers after the second series of three applications. 3, 12, 13 To fi nd the reason for unsuccessful vaccination (a 3-dose scheme), it is recommended that subject be investigated for the presence of hepatitis markers (HBsAg, anti-HBc) 1, 3, 8 , especially in view of their mean age and their long occupational exposure to blood.
The subjects' distribution by clinic they work in was as follows: 38.6% worked in surgery divisions of the hospital and all (100%) responded with protective concentration over 10 mIU/ml, while in the group of subjects working in non-surgical clinics presence of anti-HBs antibodies was found in 88.4% (р > 0.05). According to their professional position primary immune responders were respectively: 100% of the medical doctors, 92.5% of the nurses and 83.3% of the hospital attendants (χ 2 = 1.68, df = 2, p > 0.05). A number of factors like old age, male gender, overweight and obesity, smoking, diseases, leading 
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no immune response (< 10 mIU/ml) weak immune response (10-50 mIU/ml) strong immune response (50-100 mIU/ml) very strong immune response (< 100 mIU/ml) We followed-up the effect of 5 factors (age, gender, weight, smoking and immunity-modifying concomitant diseases) on the postvaccinal immune response ( Table 1 ).
The study sample was divided into 2 age groups: 20-49-year-olds and older than 50 years, and into two weight groups (people with normal and people with abnormal, increased weight) according to their personal assessment, documented in their questionnaires. 
DURATION OF THE IMMUNE RESPONSE
The mean age of the second group was 46.1 ± 1.82 years. Graphical presentation of their age distribution is shown in Fig. 4 . The relative percentages of females was 81.1% with male to female ratio of 1:4.6. Despite the expected decrease in the postvaccinal antibodies concentration (anti-HBs) below the borderline, titers of over 10 mIU/ml were found in the majority of subjects (77.9%) (Fig. 5) . In the subjects immunized 10 years before this study, seroconversion (presence of anti-HBs antibodies) was found in 75.3%, and in those immunized 15 years before -in 92.9% (t = 0.24, p > 0.05). Many other researchers have found decrease of the antibodies concentration below the detectable threshold in 10-50% of the subjects immunized 10-15 years prior. 8, 11, 13, 16, 17 It is worth noting that the absence of antibodies (anti-HBs < 10 mIU/ml) in previously immunized subjects does not prove absence of protection. 18, 19 There have been studies demonstrating that postvaccinal immunity against hepatitis B is not only humoral, but it has been detected that immunologic memory determined by HBsAg -specifi c T-lymphocytes persists long time after vaccination in recipients with serum antibodies < 10 mIU/ml. 18 The presence of immunologic memory may be proven indirectly by measurement of the immune response to a booster vaccine dose, accepted as anamnestic immune response (AIR). 8, 19 AIR can be shown in two ways: in subjects with concentration of ≥ 10 IU/ml -4-fold or greater increase of antibodies quantity and in subjects with concentration < 10 IU/ml -increase up to 
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no immune response (< 10 mIU/ml) weak immune response (10-50 mIU/ml) strong immune response (50-100 mIU/ml) very strong immune response (> 100 mIU/ml) and over 10 IU/ml, measured 2 to 4 weeks after the booster dose. 19 The algorithm we used was the administration of a booster dose of the vaccine only in individuals with concentration of anti-HBs < 10 IU/ml. Fifteen (71.4%) out of 21 health-care workers with antiHBs < 10 mIU/ml continued their participation in the study and received a fourth vaccine application. Nine of them responded positively (with anti-HBs > 10 IU/ml). The real level of seroprotection (LSP) we found was 92%, calculated by the formula proposed by J. Poorolajal 19 , in which LSP is the sum of the proportion of protected (PP) and the product of the proportion of non-protected subjects 
DISCUSSION
A fact which cannot remain unnoticed is the relatively late age of primary immunization. This suggests that there is certain weaknesses in the organisation and administration of preexposition immunoprophylaxis in health system units in Bulgaria, as part of the system for prevention of occupational risk of infection with hepatitis B. The right strategy would require that vaccination should be done before admission to medical college/university or beginning work at medical departments (prior to the contact with blood or blood products). 3 The evidence in the available literature points to 5-10% of the adult population that does not respond to standard HBV vaccination 3, 16 , and among medical personnel the share of non-responders may reach considerably higher levels of 5-32% 17 . The absence of seroconversion in 7.2% of the investigated subjects after the fi rst immunologic response may be partially related to the existing compromising factors. On the other hand, the individual immunologic characteristics must be mentioned, because immunity in hepatitis B viral infection (both natural and acquired) is a complex combination of T-and B-cellular mediation, which in certain populations and HLA types is related to unsuccessful vaccination. It is assumed that defi nitive "non-responders" are subjects that have not been able to produce antiHBs > 10 IU/ml after two complete immunization series and with negative hepatitis markers, which makes them susceptible to HBV. 12 Based on expert recommendations, follow-up of the primary immune response in risk medical personnel is necessary, which will specify more precisely the additional doses of the vaccine. 9, 20 Immunization of medical personnel with hepatitis B vaccine provides a reliable, long-term protection, even after decrease in the titer of anti-HBs < 10 mIU/ml, which is evidenced by the high level of seroprotection in over 90% of the subject immunized more than 10 years ago.
CONCLUSIONS
The present study determines the level of protection after hepatitis B immunization in adult clinically healthy individuals, particularly medical personnel. No correlation was found between the investigated factors (age, sex, body weight, smoking and concomitant immunity disturbance) and the immune response. There is a serious problem, both organisational and fi nancial, in how to make the immunization as early as in medical universities/colleges. All medical personnel, which is at higher risk of exposure to bloodborne pathogens, should have a documented test for post-infection / postvaccinal immunity against hepatitis B (level of protective antibodies anti-HBs > 10 mIU/ml).
